For the assessment of geothermal resources in Europe we constructed a digital 3D temperature model of the European crust and sedimentary basins, incorporating publicly available temperature data. Using European crustal thickness models and indirect parameters such as surface heat flow measurements, temperatures were calculated for regions where data are scarce. Our temperature model of Europe has a horizontal grid resolution of 10x10 km and extends to a depth of 10 km below ground level. The model covers Europe up to the Russian border and includes Turkey and Iceland.
Introduction
Predicting subsurface temperatures is a crucial part in the exploration phase of the development of a geothermal system. Together with flow rate, temperature controls the amount of energy that can be utilized for direct heating and even more for power production, preferring temperatures larger than 200°C. Therefore, the first step for the assessment of geothermal resources across Europe in the framework of the EU funded project GEOELEC, was the development of a 3D temperature model of the subsurface. As a starting point, we compiled publicly available temperature data from wells and national databases. One of the challenges is the unequal spatial distribution of subsurface temperature data across Europe. Most of the available temperature information is limited to areas that have been explored for hydrocarbons (e.g. the Netherlands) and temperature data from wells strongly decrease with depth. In Europe, few temperature measurements are available at depths greater than 5 km. To cope with the lack of temperature data, indirect measurements such as the surface heat flow ܳ ௦ can be used to model the subsurface temperature as is shown in equation 1 for 1D heat conduction:
Here, the temperature at depth ܶሺ‫ݖ‬ሻ is related to the layer thickness ℎ, thermal conductivity ݇, the radiogenic heat production ‫ܣ‬ and the surface temperature ܶ .
Methodology
For our model we adopted a 3D conductive model for the lithosphere (cf. Bonte et al., 2012), incorporated existing temperature information and used an approach similar to Beardsmore et al. (2010) to populate the model with thermal properties and boundary conditions. To discriminate between the thermal conductivity of sediments deposited in basins and the crystalline rocks in the basement, a two layer model was used based on the sediment thickness from the crustal model of Tesauro et al. (2008) . Different values for the thermal conductivity were assigned to each layer. Following the work of Pollack and Chapman (1977) , it was assumed that 40% of the surface heat flow originates from radiogenic heat production in the upper crust. Using the surface heat flow data from Artemieva (2006), the local heat production in every 3D grid cell was derived and values for the basal heat flow of the lithosphere (ܳ ) were obtained by subtracting the sum of the total crustal heat production from the surface heat flow. Subsequently, the basal heat flow was applied as boundary condition for the bottom of the model. For the vertical edges of the model, zero horizontal heat flow was assumed. For the top of the model average annual surface temperatures were used from the World-Clim-Global Climate Database (Hijmans et al. 2005) .
Results and conclusions
Our derived temperature model of Europe has a horizontal resolution of 10x10 km and a vertical resolution of 250 m and extends to a depth of 10 km below ground level. The model covers Europe up to the Russian border and includes Turkey and Iceland. Figure 1 shows two depth slices of the temperature at a depth of 5 km and 10 km, respectively. A pronounced difference in temperature can be observed between the northeastern and southwestern part of Europe. Here, the Trans-European Suture Zone (TESZ) forms a boundary between the cold Precambrian terranes in the northeast and the hotter Phanerozoic terranes in the southwest. At 5 km depth the average temperature is 111°C, but temperatures can be as low as 30°C in the areas of the Baltic Shield and can be higher than 200°C in volcanic areas such as Italy and Iceland. At 10 km depth the average temperature is 201°C but varies from 50°C to 650°C.
The use of indirect parameters such as heat flow measurements in combination with models of the crust allowed us to constrain temperatures for regions in Europe where data are scarcely available. The model could be improved by dividing the crust into more layers with specific thermal properties, however this requires more detailed crustal models. 
